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Abstract : Photoelectrochemical cells have been constructed for the conversion and 
storage of solar energy based on three-electrode system and redox storage cells CdSe and SnS 
thin films were eiectrodeposited and were used in the storage cells. The performance ol these 
cells was studied in the charging and discharging modes
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1. Introduction
I n  t h e  r e c e n t  y e a r s ,  p h o t o e l e c t r o c h e m i c a l  c e l l s  h a v e  e v o k e d  m u c h  p o p u l a r i t y  a s  a  r e n e w a b l e  
e n e r g y  s o u r c e  b e c a u s e  o f  s o m e  p o t e n t i a l  a d v a n t a g e s  o v e r  t h e  c o n v e n t i o n a l  s o l i d  s t a t e  
d e v i c e s  e.g. i n  m i n i m i z i n g  p r o b l e m s  a r i s i n g  f r o m  l a t t i c e  m i s m a t c h  i n  c o n t r o l l i n g  t h e  b a r r i e r  
h e ig h t s ,  e a s y  m e t h o d  o f  f a b r i c a t i o n ,  d i r e c t  p e n e t r a t i o n  o l  s o l a r  r a d i a t i o n  t o  t h e  a c t i v e  
s e m i c o n d u c t o r  s u r f a c e  a n d  n o  r e q u i r e m e n t  o f  a n t i r e f l e c t i o n  c o a t i n g s .
A  n u m b e r  o f  r e v i e w  a r t i c l e s  o n  p h o t o e l e c t r o c h e m i c a l  ( P E C )  c o n v e r s i o n  a n d  s t o r a g e  
h a v e  a p p e a r e d  i n  t h e  l i t e r a t u r e  [ 1 —3 ] .  R e c h a r g e a b l e  e l e c t r o c h e m i c a l  s t o r a g e  c e l l s  a n d  t h e  
s t o r a g e  e l e c t r o d e  c a p a b l e  o f  u n d e r g o i n g  r e v e r s i b l e  c h e m i c a l  c h a n g e  h a v e  b e e n  r e p o r t e d  
[ 4 , 5 ] .  V a r i o u s  d e s i g n s  o f  P E C  c e l l s  h a v e  b e e n  d e m o n s t r a t e d  a n d  t e s t e d ;  t h e  a i m  b e i n g  t o  
c o n v e r t  s o l a r  e n e r g y  i n t o  s u i t a b l e  f o r m s  f o r  m o r e  e f f i c i e n t  u s e  [ 6 - 1 2 ] .
R e d o x  b a t t e r y  s y s t e m s  h a v e  g e n e r a t e d  i n t e r e s t  a s  a  m e a n s  f o r  e n e r g y  s t o r a g e  [ 1 3 ] .  
T h e  o x i d i z e d  s p e c i e s  a r e  d e v e l o p e d  i n  o n e  h a l f  c e l l  c a l l e d  a s  a n o d i c  c o m p a r t m e n t  a n d  t h e  
r e d u c e d  s p e c i e s  a r e  f o r m e d  i n  t h e  o t h e r  h a l f  c e l l  c a l l e d  a s  c a t h o d i c  c o m p a r t m e n t .  A  n u m b e r  
o f  r e d o x  c o u p l e s  h a v e  b e e n  s t u d i e d  f o r  s u c h  s y s t e m s .  T h e y  i n c l u d e  F e ^ / F e 2*  ( H C 1 ) ,
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C r 3+/ C r 2+ ( H C 1 ) ,  T i 4+/ T P + a n d  B r 2/ B r .  O u t  o f  t h e s e  c o u p l e s ,  t h e  F e - C r  r e d o x  s y s t e m  [ 1 4 ]  
a p p e a r s  p r o m i s i n g  d u e  t o  i t s  h i g h  e l e c t r o c h e m i c a l  p o t e n t i a l  (E =  1 . 1 8  c V ) .  H o w e v e r ,  t h e r e  
a r e  n o  r e p o r t s  o n  e l e c t r o d e p o s i t e d  C d S e  a n d  S n S  t h i n  f i l m  e l e c t r o d e s  u s e d  i n  e n e r g y  s t o r a g e  
s y s t e m s .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n s ,  w e  r e p o r t  o n  t h e  p r e p a r a t i o n  o f  C d S e  a n d  S n S  t h i n  
f i l m s  b y  e l e c t r o d e p o s i t i o n  m e t h o d .  T h e  P E C  c e l l s  w e r e  f o r m e d  b y  u s i n g  C d S e  a n d  S n S  a s  
p h o t o e l e c t r o d e s  a n d  g r a p h i t e  a s  c o u n t e r  e l e c t r o d e  a n d  t h e i r  c u r r e n t - v o l t a g e  ( o u t p u t )  
c h a r a c t e r i s t i c s  w e r e  s t u d i e d .  T o  t h e  b e s t  o f  t h e  a u t h o r ' s  k n o w l e d g e  t h e s e  f i l m s  h a v e  b e e n  
u s e d  f o r  t h e  f i r s t  t i m e  i n  t w o  c o n t i r g u r a t i o n s  o f  r e c h a r g e a b l e  l i q u i d  j u n c t i o n  c e l l s  a s  t h r e e -  
e l e c t r o d c  a n d  r e d o x  s t o r a g e  c e l l s .
2. Experimental details
2 .  / .  Preparation o f CdSe thin films :
C d S e  t h i n  f i l m s  w e r e  e l e c t r o d e p o s i t e d  o n t o  s t a i n l e s s  s t e e l  s u b s t r a t e s  b y  t h e  c o ­
e l e c t r o d e p o s i t i o n  o f  c a d m i u m  a n d  s e l e n i u m  f r o m  c a d m i u m  s u l p h a t e  a n d  s e l e n i u m  d i o x i d e  
i n  s u l f u r i c  a c i d  s o l u t i o n  u n d e r  g a l v a n o s t a t i c  c o n d i t i o n  a t  r o o m  t e m p e r a t u r e  ( 2 7 ° C ) .  T h e  
s u i t a b l e  c o m p o s i t i o n  o f  t h e  b a t h  w a s  f o u n d  t o  b e  0 . 0 5 M  C d S 0 4 -  0 . 0 1 M  S e 0 2 a t  2 - 3  p H ,  
t o  f u r n i s h  u n i f o r m ,  t h i c k  a n d  g o o d  a d h e r e n t  f i l m s .  T h e s e  f i l m s  w e r e  a n n e a l e d  a t  5 0 0 ° C  f o i  
3 0  m i n u t e s  i n  n i t r o g e n  a t m o s p h e r e  a n d  t h e n  e t c h e d  i n  d i l u t e d  ( 1 0 % )  H C 1 ,  b e f o r e  b e i n g  u s e d  
a s  p h o t o e l e c t r o d e s  i n  t h e  s t o r a g e  c e l l s .
T h e  P E C  p r o p e r t i e s  o f  C d S e  f i l m s  w e r e  t e s t e d  i n  d a r k ,  a n d  u n d e r  i l l u m i n a t i o n ,  u s in g  
t u n g s t e n  f i l a m e n t  l a m p .  A  w a t e r  f i l t e r  w a s  i n t e r p o s e d  b e t w e e n  t h e  l a m p  a n d  t h e  c e l l  
t o  p r e v e n t  h e a t i n g  o f  t h e  c e l l .  P h o t o v o l t a i c  p o w e r  o u t p u t  c h a r a c t e r i s t i c s  w e r e  o b t a i n e d  
u n d e r  a  l i g h t  i n t e n s i t y  o f  8 0  m W / c m 2 . S p e c t r a l  r e s p o n s e  o f  t h e  c e l l  i n  t h e  w a v e l e n g t h  r a n g e  
o f  4 0 0 - 9 0 0  n m  w a s  s t u d i e d .
2 . 2 .  Preparation o f SnS thin films :
T h e  S n S  t h i n  f i l m s  w e r e  e l e c t r o d e p o s i t e d  f r o m  t h e  b a t h  c o n s i s t i n g  0 . 0 5 M  S n C l 2 -  0.01  M  
N a 2S 2 O j  -  0 . 0 1 M  C H 3C O O H  a s  d e s c r i b e d  i n  a  p r e v i o u s  w o r k  1 1 5 ] .  T h e  p h o t o v o l t a i c  
a c t i v i t y  o f  S n S  t h i n  f i l m  w a s  t e s t e d  b y  f o r m i n g  a  p h o t o e l e c t r o c h e m i c a l  c e l l  w i t h  t h e  
F e 2+/ F e 3+ r e d o x  e l e c t r o l y t e  u n d e r  a  l i g h t  o f  8 0  m W / c m 2 i n t e n s i t y  a n d  t h e  output 
c h a r a c t e r i s t i c s  w e r e  o b t a i n e d .
2.3. Three-electrode storage ce ll:
S c h e m a t i c  d i a g r a m  o f  t h e  c o n s t r u c t i o n  o f  t h e  t h r e e - e l e c t r o d e  s t o r a g e  c e l l  i s  s h o w n  in  
F i g u r e  1 .  T h e  t w o  c o m p a r t m e n t s  o f  t h e  c e l l ,  m a d e  o f  c o r n i n g  g l a s s ,  w e r e  c o n n e c t e d  b y  
a  c o n d u c t i n g  b r i d g e  ( 3  c m  i n  l e n g t h )  f o r m e d  w i t h  a g a r - a g a r  g e l .  T h e  f i r s t  c o m p a r t m e n t  
c o n t a i n s  C d S e  a s  p h o t o e l e c t r o d e  ( P ) ,  g r a p h i t e  a s  c o u n t e r  e l e c t r o d e  ( C )  a n d  1 M  ( N a 2S - S ~  
N a O H )  a s  r e d o x  e l e c t r o l y t e .  T h e  o t h e r  c o m p a r t m e n t  w a s  k e p t  i n  t h e  d a r k ,  c o n t a i n s  S n S  a s  a
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s t o r a g e  e l e c t r o d e  i m m e r s e d  i n  1 M  K C 1 .  K e y  K ,  w a s  k e p t  c l o s e d  a n d  K 3 o p e n e d  d u r i n g  
c h a r g i n g  o f  t h e  c e l l .  K e y  K 2 w a s  c l o s e d  i n t e r m i t t e n t l y  t o  r e c o r d  t h e  c h a r g i n g  v o l t a g e .  T h e  
c h a r g i n g  c u r r e n t  a n d  v o l t a g e  w e r e  r e c o r d e d  w i t h  t i m e .
Figure 1. Photoelectrochemical storage cell, P-Photoanode either n-CdSe 
or p-SnS, C-counter electrode; S-storage electrode.
T o  o b t a i n  t h e  d i s c h a r g i n g  c h a r a c t e r i s t i c s  o f  t h e  C e l l ,  K j  a n d  K 2 w e r e  k e p t  o p e n  
and K3 was k e p t  c l o s e d .  T h e  d i s c h a r g i n g  c u r r e n t  a n d  v o l t a g e  w e r e  r e c o r d e d  w i t h  t i m e  u s i n g  
1 K T 2  l o a d  r e s i s t a n c e .
2.4. Redox storage ce ll:
T h e  r e d o x  s t o r a g e  c e l l  w a s  f o r m e d  u s i n g * S n S  t h i n  f i l m s  a s  p h o t o e l e c t r o d e  ( P )  a n d  g r a p h i t e  
( C )  a s  c o u n t e r  e l e c t r o d e  i n  t h e  f i r s t  c o m p a r t m e n t  c o n s i s t i n g  o f  0 . 1  M  ( F e C ^ - F c C l ^ )  H 2S O 4 
a s  r e d o x - 1  e l e c t r o l y t e .  T h e  s e c o n d  c o m p a r t m e n t  c o n s i s t s  o f  I M  ( N a 2S - S - N a O H )  a s  
r e d o x - 2  e l e c t r o l y t e .  A  g r a p h i t e  e l e c t r o d e  r e p l a c e s  t h e  s t o r a g e  e l e c t r o d e  ( S )  i n  F i g u r e  1 . 
T h e  c h a r g i n g  a n d  d i s c h a r g i n g  c h a r a c t e r i s t i c s  w e r e  o b t a i n e d  b y  r e c o r d i n g  t h e  c u r r e n t  a n d  
v o l t a g e  w i t h  t i m e .
3. Results and Discussion
3 . / .  Photovoltaic characteristics ofCdSe and SnS based PEC Cells :
T h e  p h o t o v o l t a i c  o u t p u t  c h a r a c t e r i s t i c s  o f  t h e  a y - d e p o s i t e d  C d S e  a n d  S n S  t h i n  f i l m s  a r e  
s h o w n  i n  F i g u r e  2 .  T h e  p o w e r  e f f i c i e n c y  ( r j ) ,  f i l l  f a c t o r  0 5 0 ,  s h o r t  c i r c u i t  c u r r e n t  ( / M ) a n d  
t h e  o p e n  c i r c u i t  v o l t a g e  ( V 0 r )  o f  t h e  P E C  c e l l s  f o r m e d  a r e  l i s t e d  i n  T a b l e  1 . T h e  l o w  
e f f i c i e n c y  o f  t h e  c e l l s  c o u l d  b e  d u e  t o  h i g h  s e r i e s  r e s i s t a n c e  o f  t h e  f i l m s .  T o  i m p r o v e  t h e  
s t a b i l i t y  o f  t h e  P E C  c e l l  f o r m e d  w i t h  C d S e ,  a  5 0 %  m i x t u r e  o f  1 M  ( K C 1  +  N a C l )  w a s  a d d e d  
»n t h e  p o l y s u l f i d e . O  0 5 M  H 2S 0 4 w a s  a d d e d  i n t o  t h e  Fe27Fe3+ e l e c t r o l y t e  t o  i m p r o v e  t h e  
s t a b i l i t y  o f  t h e  P E C  c e l l  f o r m e d  u s i n g  S n S  e l e c t r o d e .
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v (volt)
Figure 2<a). Photovoltaic output characteristics of as-deposited n-CdSc electrode.
Figure 2(b). Photovoltaic output characteristics of ^ -deposited p-SnS electrode. 
Table 1. The conversion efficiency, fill factor, Voc and /&. of PEC cells.
Semiconductor/
electrolyte
Voc
(V) (mA/cm2)
Efficiency
T)%
Fill factor 
f f%
CdSe/1 M Na2S-S, 
KC1 + NaCl/C
0.45 3.0 1.5 55.5
SnS/0.1 M Fe2+-Fe3+, 
H2SO4/C
0.20 0.053 0.013 67 8
3.2. Three-electrode storage ce ll:
The variation of charging current and voltage with time in the charging mode of the cell are 
plotted in Figures 3 and 4 respectively. It is seen that during charging, current and voltage 
increase with time and attain the saturation values within 30 minutes.
The experiment was repeated using 1M NaCl and 1M KI in the storage 
compartment. The Values of Isc and have been listed in Table 2. From our studies, it is
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seen t h a t  K C 1  i s  m o r e  s u i t a b le  e l e c t r o l y t e ,  g i v i n g  g r e a t e r  v a lu e s  o f  c h a r g in g  c u r r e n t  a n d  
v o l t a g e  t h a n  N a C l  o r  K I .
Figure 3. Variation of short circuit current with time in charging and 
discharging modes of the three electrode storage cell
Figure 4. Variation of voltage with time in charging and discharging modes of 
the three-electrode storage cell.
T h e  c h a r g e d  c e l l  w a s  a l l o w e d  t o  d i s c h a r g e  t h r o u g h  1 K Q  lo a d  r e s i s t a n c e .  T h e  
v a r ia t io n  o f  d i s c h a r g i n g  c u r r e n t  t h r o u g h  t h e  l o a d  a n d  t h e  d i s c h a r g i n g  p o t e n t i a l  a c r o s s  t h e  
lo a d  w i t h  t i m e  w e r e  p l o t t e d  i n  F i g u r e s  3  a n d  4  r e s p e c t i v e l y .  I t  i s  s e e n  t h a t  t h e  c u r r e n t  a n d  
v o lta g e  d r o p  r a t h e r  s e v e r e l y  u n d e r  l o a d .  T h i s  i s  a t t r i b u t e d  t o  r e s is t a n c e  lo s s e s  i n  t h e  s y s t e m ,  
s u c h  a s  t h o s e  i n  t h e  p h o t o a c t i v e  l a y e r ,  t h o s e  i n  t h e  e l e c t r o l y t e ,  p o l a r i z a t i o n  lo s s e s  a t  t h e  
c o u n te r  e l e c t r o d e  a n d  lo s s e s  a t  t h e  s e m i c o n d u c t o r - m e t a l  c o n t a c t .
482 S  A  J o d g u d r i  a n d  C  D  L o k h a n d e
Table 2. Maximum change in current (A/vr) and voltage (AV^) of the three-electrode storage 
cell in charging and discharging modes.
No. Compartment I Compartment II Charging Discharging
u sc
<1 A/ AV
(mA/cm2) (V) (mA/cm2) (V)
1 CdSe/IM Polysulfide IM KCl/SnS 2.45 0.64 1.39 0.66
2 CdSe/IM Polysulfide 1M NaCl/SnS 2.16 0.55 1.06 0.50
3 CdSe/IM Polysulfide IMKI/SnS 1.52 0.46 0.89 046
T h e  a s s o c i a t e d  r e a c t i o n s  o c c u r r i n g  a t  t h e  r e s p e c t i v e  e l e c t r o d e s  u n d e r  l i g h t  a r e  a s  
f o l l o w s  :
C d S e  +  h v  — » c “  +  h +  ( h v  >  E g )  
d u e  t o  t h e  f i e l d ,
e ~  +  h +  e ~  ( b u l k )  +  h +  ( s u r f a c e )
(Le. n e a r  t h e  s u r f a c e  o f  p h o t o s e n s i t i v e  s e m i c o n d u c t o r  e l e c t r o d e ) ,
2  h +  ( s u r f a c e )  +  S 2~ — > S  ( a t  C d S e )
(Le. o x i d a t i o n  o f  t h e  e l e c t r o l y t e  w o u l d  o c c u r  n e a r  t h e  s u r f a c e  o f  s e m i c o n d u c t o r ) ,  
e ~  ( b u l k )  — » e ”  ( s t o r a g e  e l e c t r o d e )
( t r a n s f e r  t h r o u g h  t h e  b a c k  o f  s e m i c o n d u c t o r  t o  S n S ) ,
S n S  +  2  e ”  — > S n  +  S 2_
(Le. r e d u c t i o n  o f  t h e  s t o r a g e  e l e c t r o d e )
f o r m i n g  a  r e g e n e r a t i v e  s y s t e m ,  t h e  n e t  r e s u l t  b e i n g  f l o w  o f  e l e c t r o n s  f r o m  p h o t o a n o d i c  to  
t h e  s t o r a g e  e l e c t r o d e  t h r o u g h  t h e  e x t e r n a l  c i r c u i t .  D u r i n g  t h e  r e d u c t i o n  p r o c e s s ,  t h e  l o o s e l y  
b o u n d  t i n  e l e m e n t  o f  t h e  e l e c t r o d e  o r  i t s  p r e c i p i t a t i o n  a t  t h e  b o t t o m  o f  t h e  c e l l  w a s  n o t  
o b s e r v e d .  T h i s  i m p l i e s  a  s t a b l e  s y s t e m .  T h e  h o l e s  c r e a t e d  a t  t h e  s u r f a c e  o f  th e  
p h o t o e l e c t r o d e  c a u s e  o x i d a t i o n  o f  t h e  p o l y s u l f i d e .  T h e  o p e n  c i r c u i t  p o t e n t i a l  o f  t h e  p h o t o ­
a n o d e  w a s  — 1 . 1 4  V  v e r s u s  S C E .  T h e  p o t e n t i a l  o f  t h e  g r a p h i t e  e l e c t r o d e  d e t e r m i n e d  b y  
S 2~ / S ^ “  c o u p l e  w a s  f o u n d  t o  b e  - 0 . 6 1  V  v e r s u s  S C E .
I n  o r d e r  t h a t  a n  e l e c t r o d e  m a y  f u n c t i o n  a s  s t o r a g e  e l e c t r o d e ,  i t s  p o t e n t i a l  s h o u l d  be 
i n t e r m e d i a t e  b e t w e e n  t h e  p o t e n t i a l  o f  t h e  p h o t o e l e c t r o d e  u n d e r  i l l u m i n a t i o n  a n d  t h a t  o t  
r e d o x  c o u p l e  i n  t h e  e l e c t r o l y t e .  S n S  ( t h e  p o t e n t i a l  b e i n g  - 0 . 8 1  V  v e r s u s  S C E )  m a y  b e  used 
a s  s t o r a g e  e l e c t r o d e  a c c o r d i n g  t o  t h e  f o l l o w i n g  r e a c t i o n s  i n  d a r k ,  i n d i c a t i n g  t h e  s p o n t a n e o u s  
o x i d a t i o n  o f  t i n .
2  S n  +  S 2~  2  S n S  +  2 e “  ( a t  s t o r a g e  e l e c t r o d e )
S  +  2 e “  S 2"  ( a t  c o u n t e r  e l e c t r o d e ,  C ) .
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I n  t h e  d a r k ,  w h e n  t h e  s t o r a g e  e l e c t r o d e  ( S n S )  i s  c o n n e c t e d  t o  t h e  g r a p h i t e  c o u n t e r  
e l e c t r o d e  ( C )  o f  t h e  P E C  c e l l ,  t h e  l a t t e r  w i l l  a c t  a s  a n o d e  a n d  t h e  c u r r e n t  w i l l  f l o w  i n  t h e  
r e v e r s e  d i r e c t i o n  t h r o u g h  t h e  e x t e r n a l  l o a d .  T h e  i n h e r e n t  r e s i s t a n c e  o f  t h e  p h o t o e l e c t r o d e  
m i n i m i z e s  d a r k  l o s s e s  t h r o u g h  t h e  p h o t o a n o d e .  T h e  n o m i n a l  r e l a t i v e  c o n c e n t r a t i o n  o f  t h e  
s u l p h u r  a n d  s u l f i d e  w i t h i n  t h e  p h o t o e l e c t r o d e  a n d  S n S  c o m p a r t m e n t s  v a r i e s  w i t h  d e g r e e  o f  
c e l l  c h a r g i n g .  T h e  s t o r a g e  e f f i c i e n c y  o f  t h e  c e l l  w a s  f o u n d  t o  b e  2 8 %  u n d e r  8 0  m W / c m 2 
s o la r  r a d i a t i o n .  T h e  s o l a r  t o  e l e c t r i c a l  c o n v e r s i o n  e f f i c i e n c y  e s t i m a t e d  u s i n g  t h e  f o l l o w i n g  
e q u a t i o n  w a s  f o u n d  t o  b e  2 . 7 5 %
T}% V  * V)™* x 100
8 0  m W 0 )
T h e  l o w  e f f i c i e n c y  o f  t h e  c o n v e r s i o n  o f  s o l a r  e n e r g y  i n t o  t h e  e l e c t r i c  e n e r g y  i s  m o s t l y  d u e  
t o  t h e  p h o t o c o n v e r s i o n  c o m p a r t m e n t  a n d  n o t  d u e  t o  t h e  p h o t o e l e c t r o c h e m i c a l  s t o r a g e  
c o m p a r t m e n t .
T h u s ,  i t  i s  p o s s i b l e  t o  s t o r e  c u r r e n t  u n d e r  i l l u m i n a t i o n  a n d  d e r i v e  t h e  s a m e  i n  d a r k  
t h r o u g h  t h e  u s e  o f  S n S  a s  a  s t o r a g e  e l e c t r o d e .  T h e  n e w  d r a w b a c k  o f  t h e  d e v i c e  i s  t h e  l a c k  o f  
s t a b i l i t y  o f  t h e  s t o r a g e  s y s t e m .  T h i s  i s  p r e s u m a b l y  d u e  t o  d i f f u s i o n  o f  S 2~ / S 2 ~ t h r o u g h  t h e  
a g a r - a g a r  g e l  w h i c h  v i s i b l y  c h a n g e s  t o  y e l l o w i s h  i s  c o l o u r  i n  a b o u t  f o r t y  e i g h t  h o u r s  t i m e .  
T h i s  d i f f u s i o n  o f  S 2- / S 2 '  i n t o  s t o r a g e  c o m p a r t m e n t  l o w e r s  t h e  n e g a t i v e  p o t e n t i a l  o f  t h e  
s t o r a g e  e l e c t r o d e  r e s u l t i n g  i n  a  d e c r e a s e  i n  s t o r a g e  e f f i c i e n c y  w h i c h  m a y  b e  i m p r o v e d  b y  
s e p e r a t i n g  t h e  t w o  c o m p a r t m e n t s  b y  a n  i o n  s p e c i f i c  m e m b r a n e  i m p e r m e a b l e  t o  s u l f i d e  i o n s .
3.3. Redox storage cell :
I n  o r d e r  t o  i n v e s t i g a t e  t h e  s t o r a g e  a b i l i t y  o f  t h e  c e l l ,  t h e  v a r i a t i o n  o f  t h e  o p e n  c i r c u i t  v o l t a g e  
a n d  s h o r t  c i r c u i t  c u r r e n t  w i t h  t i m e  i n  t h e  c h a r g i n g  m o d e  o f  p o l y  s u l f i d e  s o l u t i o n ,  a r e
o s
T ime  (min.)
Figure 5. Variation of short circuit current with time in charging and 
discharging modes of the redox storage cell.
in  F i g u r e s  5  a n d  6  r e s p e c t i v e l y .  I t  i s  s e e n  t h a t  t h e  s a t u r a t i o n  v a l u e s  o f  c u r r e n t ,  a n d  p o t e n t i a l  
a re  a t t a i n e d  s o m e w h a t  l a t e r  t h a n  i n  c a s e  o f  a  t h r e e - e l e c t r o d e  s t o r a g e  c e l l .  H o w e v e r ,  t h e
70A(4)-4
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s t e a d y  s t a t u r a t i o n  v a lu e s  a r e  a t t a i n e d  w i t h i n  t w o  h o u r s  o f  c h a r g i n g  ( T a b l e  3 ) .  T h e  c h a r g in g  
o f  t h e  c e l l  c a n  b e  u n d e r s t o o d  f r o m  t h e  f o l l o w i n g  r e a c t i o n s  :
F e 3*  +  e~ F e 2 + , ( C o m p a r t m e n t  I )
S2~ +  2 h +  — » S, ( C o m p a r t m e n t  I I ) .
T h u s ,  t h e  e l e c t r i c  e n e r g y  i s  s t o r e d  i n  t h e  f o r m  o f  o x i d i z e d  s p e c ie s  o f  S2“.
Table 3. Maximum change in current (At sc) and voltage (AV .^) of the redox storage cell in 
charging and discharging modes.
No. Compartment 1 Compartment II Charging Discharging
U s e Al AV
(mA/cm2) (V) (mA/cm2) (V)
1 SnS/0.1M Fe2f-Pe3+, 
H2SO4/C
Polysulfide/C 0.37 0.5 0.32 0.25
2 SnS/O.lM tie2+-Fe3+, 
H2SO4/C
Kl-tyC 0.30 0.40 0.17 0.26
D i s c h a r g i n g  o f  t h e  c e l l  w a s  s t u d i e d  m e a s u r i n g  t h e  d i s c h a r g i n g  c u r r e n t  t h r o u g h  5 0 0  £1 
l o a d  r e s i s t a n c e  a n d  t h e  v o l t a g e s  w e r e  m e a s u r e d  a c r o s s  t h e  l o a d .  F r o m  F i g u r e s  5  a n d  6  i t  is
so so 120
Time ( min.}
Figure 6. Variation of voltage with time in charging and discharging modes of 
redox storage cell.
s e e n  t h a t  b o t h  v o l t a g e  a n d  c u r r e n t  d e c r e a s e  w i t h  t i m e ' a n d  a t t a i n  c o n s t a n t  v a l u e s  a f t e r  t w o  
h o u r s  d i s c h a r g e .  T h e  f a s t e r  f a l l  o f  c u r r e n t  a n d  v o l t a g e  a t  t h e  b e g i n n i n g  o f ,  t h e  d i s c h a r g i n g  
m o d e  m a y  b e  d u e  t o  r e s i s t a n c e  l o s s e s  i n  t h e  c e l l .
I n  t h e  d a r k ,  t h e  f o l l o w i n g  r e a c t i o n s  a r e  a s s o c ia t e d  a t  t h e  r e s p e c t i v e  e l e c t r o d e s  :
F e 2+ - »  F e 3*  +  e _ , 
S  +  2 e ~  — » S 2_ ,
( C o m p a r t m e n t  I )  
( C o m p a r t m e n t  I I ) .
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Similarly, the charging and discharging of the cell 
SnS/Fe2+ -  Fe3*, 0.05M H2S04/C/KI-I2/C 
were also studied (Table 3).
4. Conclusions
In this investigation, CdSe and SnS films were prepared by a simple electrodeposition 
technique and were employed as electrodes in two configurations of the storage cells. The 
conversion and storage of solar energy in the demonstrated cell is possible and the electric 
power can be regenerated without altering the nature of the electrolyte.
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